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Abstract--This study emphasizes some methodological spects of my research related 
to the problem of phyllotaxis. It is an epistemological reflection on the particular process 
of modelling I went through. The intuitive, conceptual, experimental, nd metaphysical 
basis of my model will be discussed, and I will underline its fertility as a deductive 
system. 
1. INTRODUCTION 
The domain of phyUotaxis is concerned with the study of the spiral patterns observed on 
plants. It is briefly described in Section 2. The scientific literature proposes a model of 
phyllotaxis which is unique in the sense that it is an interpretative model[l]. It interprets 
the phenomenon of phyllotaxis in terms of its ultimate ffect, which is assumed to be the 
maximization of the energy of a plant, that is the minimization of its entropy. It is de- 
veloped in the hierarchical representation f the patterns[2]. All the other models, in the 
so-called centric and cylindrical representations of phyllotaxis, are mechanistic models. 
They are built on statements about why a particular process occurs, in terms of the 
mechanism which is assumed to underlie that process. This article is concerned with the 
interpretative model. 
Of course, the science of phyllotaxis must not be confused with the heuristic effort 
collectively, and generally implicitly, made by scientific workers to arrive at its formu- 
lation and at the achievement of its successes. And, beyond a vague presentation of 
philosophical ideas, a reflection on the process of modelling can be made, so as to con- 
tribute to the evolution of the art and science of mathematical modelling. The aim of this 
article is to express, in spite of the risks inherent to such an enterprise, the methodological 
process of mathematical modelling I went through while investigating the classical mor- 
phogenetic problem of plant growth known as phyUotaxis. The basic idea was to arrive 
at a more comprehensive model, containing the promises of the others. 
The phenomenon and problem of phyllotaxis, the theories and models they gave rise 
to, are fully discussed in my recent book[3], and summarized in an article[4]. Particular 
implications of the subject of phyllotaxis are put forward in some of my articles[5-7]. The 
concepts of hierarchy and entropy used in my model are given some attention in Section 
4. The hypothetico-deductive construct (the skeletal model) I arrived at is presented in 
Section 5, while Section 6 gives an idea of its interpretation; but the reader not acquainted 
with the subject must consult the works mentioned earlier for a full presentation of its
consequences and understanding of its relevance. In the Foreword of [3], we can read 
from Prof. R. Rosen that "Dr. Jean's own approach as, I believe, served to inject some 
essential new ideas into the study of phyllotaxis." 
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2. THE BIOLOGICAL SYSTEM 
2. I. The problem 
Figure 1 presents a transverse section of a pine cone. It shows a phenomenon of spirality 
displayed by the primordia, here the future scales, and two families of spirals winding in 
opposite directions, five in one direction and eight in the other. The system is said to 
have phyllotaxis 8/5. The divergence angle between consecutively born primordia, that 
is, for example, the angle at the center between primordia 24 and 25, is approximately 
137.5 degrees. As a fraction of one turn, this angle is equal to ~-2 or approximately 0.38, 
given that ~b = (51/2 + 1)/2. The primordia differ in size, position, rate of formation, form 
and quantity, thus giving a considerable diversity in the spiral patterns. Yet the phenom- 
enon of phyllotaxis is very simple in its manifestations, given that the patterns are generally 
described by the main or Fibonacci sequence 1, l, 2, 3, 5, 8, 13, 21, 34 . . . .  and by the 
divergence angle mentioned above. Even the exceptional cases are governed by the same 
recurrence relation defining the main sequence, but applied to two different initial terms. 
The problem of the relative arrangements of the primordia (scales, florets, leaves, etc) 
of plants is threefold: descriptive, mechanistic, and functional. First we have to find an 
adequate description, to create concepts (such as the phyllotaxis of a system and the 
divergence angle) and to define parameters to describe the systems. The second aspect 
is that of creating a mechanism able to generate the patterns. The third is that of generating 
a model which relates the systems to their functions in the natural environment. The third 
aspect implies that phyllotaxis is not a purely mechanistic problem. Sinnott[9] argues that 
the mechanistic theories of phyllotaxis are "too simple"; he looks for "more logical 
solutions." My interpretative model takes into consideration the functional aspect of the 
problem. 
The problem of phyllotaxis can be summarized as follows: "Why does the Fibonacci 
sequence arise in the secondary spirals seen on plants?" More specifically, the question 
is to understand why the phyllotaxis of a plant is generally represented by two consecutive 
members of the Fibonacci sequence. 
"We must study phyllotaxis which is the bugbear of botany, so simple, yet so profound 
as to be incomprehensible[10]." To many workers, the problem of phyUotaxis appears 
as a test-case in bio-mathematics; it seems to be in the heart of the problems of plant 
morphology, just as in physics the sequence R(1/n 2 - 1/m E) was in the heart of the 
problems of atomic structure. There the problems were solved, partially at first by Bohr's 
atomic theory, and then more completely by quantum mechanics and electrodynamics. 
The great hope of biomathematicians is that some day they may be able to do for biology 
what has been done by mathematical physicists in physics. The methodological paradigm 
for phyllotaxis presented in Section 5 is a very modest contribution in that direction; it 
is formulated in the framework of axiomatic mathematical physics. 
2.2. Empirical basis of the hierarchical representation ofphyllotaxis 
It is first desirable to give some idea of the empirical situation the theory purports to 
handle. The hardest step to achieve is probably to extract from a mass of observations 
certain ones that seem to fit together to form some sort of patterns. Many quite different 
works on the phyllotaxis of higher plants clearly suggest the idea of multilevel systems 
or hierarchical order which produces the integrated behavior of the primordia of growing 
plants. Here are two illustrations of this idea among many (see [2] for an analysis of this 
question). 
According to Church[8] and Corner[10], the key to the problem of phyllotaxis would 
be rooted in the way brown algae grow; as they stress, we should look to the sea to 
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Fig. 1. A transverse ction of a bud (from [8]). 
understand the primary intention of these remarkable patterns observed in higher plants. 
I have obtained the diagram in Fig. 2, for Fucus spiralis, from the Horton-Strahler's 
method for ordering ramified patterns. It shows the rhythmic production of bifurcations 
or duplications ( imple and double nodes). The diagram on the right in Fig. 3 presents an 
amazing coincidence with the one in Fig. 2. It is a schematization f the representation 
on the left which comes from Bolle's[11] vascular theory in phyllotaxis. It clearly shows 
an important parameter found in every theory of phyllotaxis, the divergence. Indeed, level 
V, for example, represents he phyllotactic fraction ~, since there are eight leaves and we 
must go to the left three times, starting at leaf one, to pass through the consecutive l aves. 
The different levels show the changing of the divergence, from §, to ~8, ~, ~ . . . . .  a 
sequence which converges rapidly towards 0.381, the fraction of a turn representing the 
angle of 137 ° 29'. 
Zimmermann's telome theory, which I recently get into contact with, would be the 
link between Fig. 2 and Fig. 3. This theory asserts that vascular plants proceed from 
dichotomized algae by means of five elementary morphogenetic processes, uch as over- 
1 
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Fig. 2. Phaeophycea or brown alga (from [2]). 
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topping and fusion in the axis. Overtopping, by which the alga in Fig. 2 grows, transforms 
equal dichotomies into unequal ones, thus leading to the generation of spiral patterns and 
alternate phyllotaxis giving the Fibonacci sequence. Fusion is a process leading to 
vascularization. 
Those hierarchies, which one is driven at in many ways in phyllotaxis, represent a new 
point of view from which to consider the phenomenon dealt with. Each type of phyllotactic 
pattern can be represented by a hierarchy of primordia. 
In my opinion, the fundamental idea in phyllotaxis is not to give a detailed escription 
or to say "how it works," but to explain how the regulations arose. My interpretative 
model has an answer to that problem: Fibonacci phyllotaxis is the deducible output of a 
principle of minimization of entropy expressed by axiom D of Section 5. No completely 
satisfactory solution of the functional problem (Section 2.1) yet exists, though the inter- 
pretative approach in the hierarchical organization of the primordia t least opens per- 
spectives in that direction. 
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Fig. 3. A capitulum of a vascular plant (on the left from [11]). 
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3. HEURISTIC 
The dictionary defines this word, of Greek origin, as something that Will "help to 
discover or learn," hence a tool, a stimulant, in research activity. The model I have 
formulated in phyllotaxis began to take form early in my investigations. As a kind of 
metaphysical background, rooted though in experimental nd observational works, my 
model emerged from the intuition that notions of hierarchy, complexity, stability, and 
entropy were to be very important. The notion of rhythm was imposed upon me later in 
my work. The principle of optimal or adequate design, found in relational biology, was 
perceived as having a major role to play. Finite mathematics were considered as superior 
tools to use, over differential equations. 
Bohm[12] claims that there is such a thing as the primacy of metaphysics in connection 
with biology. Popper[13] argues that "we do not know, we can only guess, and our guesses 
are guided by the unscientific, the metaphysical faith in regularities which we can uncover- 
discover." What I am trying to do here is a revival and criticism of my own metaphysics, 
which has had a heuristic role. 
Even if some ideas were felt to be important and followed as clues, this does not imply 
that a course of action was decided then. My model was unforeseen and the rationale 
emerged with it. I think that a plan or project is only tentative and subject o continuous 
revision as the work progresses. These ideas were but new technical weapons I felt could 
bring advantages in attacking the problem under consideration, over the usual theories 
not using them at all. The work of Church[8] mentioned earlier, by focusing my attention 
on essential causes, has been an inspiration, though he does not explicitly mention the 
concepts enumerated above. 
Here is a summary of my general views on phyllotaxis, from which my model proceeds, 
and which will be given some attention in the sequel: l) Phyllotaxis is first of all an 
evolutionary problem, not an ontogenetic problem as it is considered solely by the me- 
chanistic theories; 2) The primordia of a plant form a multilevel hierarchical system; 3) 
The preponderance of Fibonacci phyllotaxis can be explained by an interpretative theory; 
4) Such a theory includes the theories giving rise to the mechanistic models, and allows 
I biological system ~ ~, 
I / idealization 
[ conceptual model [ 
[ synthesis 
simplification predictions 
~, interpretation 
[ simplified system I | 
I J mathematization [mathematical model ~ 
[- by-products I 
Fig. 4. The process of modelling. 
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us to show the limits of their validity; 5) There are evidences in the scientific literature 
and in nature which confirm the interpretative approach. 
Simon[14] may argue that the process by which a model is formulated is more important 
than the question of testing the model: "What is important essentially is the process of 
production of the theories; the heuristics are of major importance." But my model allows 
me to get back to experimentation a d to make some predictions (see Section 6). The 
main result I have deduced is significative in itself, since it proposes that normal phyl- 
lotaxis is inevitable if the rhythm of the growth is established or induced before time ot 
= 6. From an entirely different conceptual framework, Adler[15] has shown that normal 
phyllotaxis is inevitable if contact pressure begins before leaf 6 appears. In fact, contact 
pressure sets a rhythm of growth. My model is also significative by its by-products, 
regarding in particular growth functions of L-systems (Section 6). 
Out of an idealization of a particular problem or biological system came a conceptual 
model, which in the course of my work was simplified to deliver the quintescence of my 
mathematical model. The methodological paradigm or formal system of Section 5 is the 
very essence of my model and represents the best expression yet of it. Figure 4 is a 
representation f the process of modelling I went through. 
4. THE SIMPLIFIED CONCEPTUAL MODEL 
4.1. The idea of hierarchy 
According to Simon[16], one of the properties that distinguish complex (e.g. biological) 
from simple systems is hierarchy. Complexity frequently takes the form of a hierarchical 
system, that is, a set of interrelated elements, the subsystems, whose mutual relations 
evolve with time. In the case here, the subsystems are the primordia, and the hierarchical 
structure is the partial ordering among them. Those hierarchies do not only refer to the 
mechanics underlying the growth of plants, they concern the architecture (design) of 
plants, progressively accumulating similar parts. According to Pattee[17], "Theoretical 
biology must face the problem of hierarchical organization as fundamental, since hier- 
archical control is the essential and distinguishing characteristic of life." 
I am certainly not pioneering in stressing the importance of multilevel analysis in bi- 
ology. Grobstein[18], a biologist, argues for "a healthy respect for what has been called 
hierarchical organization." Bohm[12] proposes to develop a new symbolism which takes 
into account the hierarchical potentialities of order. According to Kitagawa[19] "We 
should be concerned with the hierarchical constitution of biological systems." Hierar- 
chical organizations are characterized by the property of near-decomposability, that is, 
the linkages inside the subsystems (the primordia) are generally stronger than the linkages 
between them. This means that comparatively ittle information is lost by representing a 
system of primordia as a hierarchy, since these primordia interact in an aggregative fash- 
ion, this being perfectly orthodox with the usual theories of phyllotaxis. 
I began to induce the notion of hierarchy from the analysis of the algorithms imagined 
by workers to build the plants showing the usual type of phyllotaxis, as found in cones, 
sunflowers, and pineapples (see [20]). I was reasoning by analogy, using the comparative 
method, seeking the resemblances between the relationships in things, rather than between 
the things themselves. 
The concept of hierarchy in phyUotaxis was not arrived at by mechanical application 
of logic, but by extrapolation of the experimental basis (Section 2.2). Of course, the idea 
of universality cannot be developed within the finite data of science. It must ultimately 
be introduced into science as a postulate. I believe that discovery or invention should 
come as an adventure, rather than as the result of a logical process of thought. The 
inductive process by which I arrived at the concept of hierarchy in phyllotaxis is less 
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trustworthy than the deductive reasoning from well-established premises, but it is more 
productive. Even in mathematics, according to Poincar6 "Logic has very little to do with 
discovery or invention." "Deductive reasoning cannot lead us to new generalizations and 
so cannot give rise to major advances in science[21]." 
A scientific theory is a tentative solution to a problem, a conjecture put forward for 
trial. As such (following Popper[13]), it is only in the more remote consequences which 
can be derived from it, that purely logical reasoning and criticism play an important part. 
4.2. Entropy and complexity 
My model not only introduces hierachies in phyllotaxis but also the concept of entropy. 
"The methodologically new requirement in biology, foreign to chemistry and other rel- 
atively static branches of science, is that we are here primarily concerned with the working 
and evolution of systems[22]." The concepts of hierarchy and entropy are among the 
most important in the theory of general systems. 
Before presenting the paradigm, I want to make a few comments on my notions of 
complexity and entropy, and on my formula to express them. The first thing to notice is 
the wide variety of such notions in the scientific literature (see, for example [23] and [24]). 
Haynes[23] presents a whole list of authors that have developed their own concepts of 
entropy by specifying a function and applying it in a particular context. More often, the 
form of the mathematical function is not even specified. Haynes remarked that "no uni- 
versally accepted efinition of information existed." In the actual state of affairs it may 
be hard, and probably undesirable, to say that a notion of entropy is better than another 
one in biology. As Papentin[24] pointed out, "there is an irreducible subjectivity associated 
with the problem of complexity and the related problem of order." As the analog of 
physical entropy, I choose a quantity which increases during evolution, the complexity. 
Schr6dinger initiated the use of a concept of entropy in the life sciences by developing 
a literal interpretation f the well-known formula E = k log D, where D was a measure 
of the disorder and k Boltzmann's constant. In base 2, this formula becomes E = log D. 
Complexity is a special way of estimating the information content of a pattern, and as 
such is related to entropy. Papentin[24] defines the information content I of an "event" 
as the amount of "choice" inherent in it: I = log N where N is the number of possibilities 
available. 
The concept of entropy that has imposed upon me is a sum of two contributions. The 
one proportional to the complexity of a plant is closely related to the usual concepts of 
entropy, as explained in the following paragraph. The other contribution is a function of 
the stability and brings negative ntropy. A formula (axiom C4, Section 5) allows me to 
quantify the entropy of the hierarchies representing the different ypes of phyllotaxis or 
primordia rrangements. This formula acts as a principle of optimal design: to each hi- 
erarchy corresponds its cost, and we look for the minimal cost in given conditions. We 
must recognize that none of the other life-science definitions of entropy are composed of 
operationally measurable quantities and are adapted to the irreversible processes found 
in biology. All the art and difficulty of the subject was to find an appropriate functional 
cost. 
In my model, the principle of entropy I have formulated (axiom C3, Section 5) contains 
the factor log X(t), where X(t) is the complexity at time t. This is the number of choices, 
or paths, by which we go from the preceding levels of a hierarchy to the new level t. The 
extension by R6nyi[25] of the notion of entropy to incomplete probability distributions 
allows us to speak of the entropy of a single event of probability p, that is, log 1/p. In 
my model Pt = 1/X(t) and log 1/p, = log X(t). In fact, this last expression is the entropy 
of a set of X(t) elements. It is interesting to note that this formula corresponds to the 
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maximum of the generalized entropy ~,ipi lOg pl under minimal constraints; every possible 
situation is assigned a weight. 
Wiener has definitely indicated the need for an extension of the notion of physical 
entropy when he stated that "Information represents negative ntropy." Similar exten- 
sions of the notion of entropy are needed in the field of biology. As it is currently being 
recognized, bio-entropy must bea sum of two factors (see [26]). The formula I(t) = - log 
stpt (axiom C3) contains the factor - log  st which decreases I(t) by a very small amount 
when the stability st increases. This happens to be the case for the hierachies representing 
the different ypes of phyllotaxis. This formula allows us to compare the entropy of phyl- 
lotactic patterns, it does not, of course, give the entropy content of a plant in absolute 
terms. Other remarks on my entropy concept can be found in [27]. 
Finally, it is relevant o remark that, in the mechanistic models of phyllotaxis based 
on the production and diffusion of a morphogen, the diffusion corresponds to the increase 
of entropy, while the production corresponds to "neguentropy upon which life feeds" (to 
use a famous word of Schr6dinger). Recently, Roberts (personal communication, 1984) 
put forward the conclusion that there is no need to postulate an inhibitor or morphogen 
which controls initiation of the primordia; "competition for nutrient is a simpler concept 
and mathematically equivalent to the inhibitor field theory." According to him, the prev- 
alence of Fibonacci phyllotaxis can be accounted for "by a theory whereby 1) primordia 
are initiated at points on the apex where nutrient concentration goes above a critical evel; 
2) after they have been initiated, primordia grow by spreading preferentially into areas 
of high nutrient density." Replacing in that formulation the word nutrient by the word 
energy brings consistency between Roberts' point of view and point 3 of my general views 
expressed in Section 3 above, and point 4 is then likely to be true. 
5. THE METHODOLOGICAL PARADIGM (FORMAL SYSTEM) 
"Because of the highly interconnected organization, living things require for their ef- 
fective study some overall strategy like systems analysis[28]." A system is a mathematical 
model of real-life phenomenon and"  systems theory is the theory of formal (mathematical) 
models of real-life (or conceptual) systems[29]." The methodology of the systems ap- 
proach in biology would consist of the steps expressed in Fig. 5, which supplement those 
in Fig. 4. 
The first step towards the formulation of the formal system, the following methodo- 
logical paradigm (a set of simplifying assumptions regarding the solution of a problem), 
was the systematic research of regularities in phyllotaxis. From it emerged the hierarchical 
or multilevel organization of the primordia of plants (axiom A1), In these hierarchies, it
is possible to recognize parameters that can represent the complexity, the stability, and 
the rhythm (axioms A2, A3, A4). These parameters have become the independant vari- 
ables in a formula for bio-entropy (axiom C4). It summarizes the assumptions of my model 
of phyllotaxis and allows us to compare the hierarchies in the light of a general principle 
(axiom D). It is a principle of optimal or adequate design, in the form of a principle ol 
minimization of entropy. 
(A) Axioms of correspondence 
I. To each growth corresponds a tree (a graph) constructed from an hierarchy. 
2. To the complexity of a growth corresponds the complexity of its hierarchy. 
3. To the stability of a growth corresponds the sequence of relative frequencies of du- 
plications in its hierarchy. 
4. To the rhythm of a growth corresponds the rhythm of its hierarchy. 
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5. To the set of rising phyllotaxis belonging to the series (H(1), H(2), H(3) . . . .  ), where 
H(k + 1) = H(k) + H(k - 1), corresponds the set of hierarchies (H(k), H(k  + 1)) 
[for the values of k such that 0 < H(k) < H(k + 1) -< 2H(k)]. 
(B) Axiom of  configuration 
The coordinates of the configuration space are h, t, and or: h belongs to the denumerable 
set of hierarchies, t is the time given in generations of nodes, and ot is the number of 
nodes existing when a rhythm is established. 
The dependant variables are X(t), the degree of complexity of an hierarchy at t; s(t), 
the relative frequency of duplications of an hierarchy at t; p(t), the probability of existence 
of a growth; w(t), the probability of survival of a growth; I(t), the bio-entropy of a growth 
at time t; to(h), the (preponderant) period of the rhythm of the hierarchy h; Ib(to), the bulk 
entropy of the growth. 
(C) Axioms of  principles inside the system 
These axioms express mutual relations between the variables inside the system. 
1. Principle of existence: p(t) = 1/X(t). 
2. Principle of survival: W(t) = s(t)p(t). 
3. Principle of entropy: I(t) = - log W(t). 
4. Principle of growth: Ib(to) = ~,~'= 1 I(t, h). 
(D) Axiom of  principle at the limit o f  the system 
This axiom expresses the existence of frontiers beyond which other systems exist. 
Given ct, a hierarchy is chosen in the following way: 
1. determine among the set of hierarchies, the subset H such that for h E H, with period 
to -> 2, there is ct nodes in the first to generations for h (including too); 
2. calculate Ib for each h E H; 
3. look for h ~ H having minimal Ib, thus determining toand every further steps of the 
growth, for t = o~ + 1, to + 2 . . . .  
This set of assumptions (extracted from[l]) about a mathematical formalism, has been 
kept down to the bare minimum, according to the maxim of parsimony known as Occam's 
Razor. It is a white box (Wiener's terminology) which explains the working of the black 
box, that is, the biological system under study. It is built within the framework of a general 
principle (axiom D). The formulation of general mathematical principles in biology must 
be opposed to the construction of mathematical models. Such principles can give to 
models, transient in nature, a relatively greater permanence (see [30]); they must very 
likely be in the foundations of the emerging science called biomathematics. 
There are many things to say about this paradigm. I will only explain briefly what is 
meant by the rhythm of hierarchy. All the hierarchies have simple or double nodes only 
and are generated by an algorithm: irreducible growth matrices generate L-systems, which 
themselves generate the hierarchies. The order of the smallest matrix generating a iven 
hierarchy is called the preponderant period of the rhythm of the hierarchy (or the growth). 
The irreducibility of the matrices means that after a finite number of steps, each type of 
nodes (there are as many as the number of letters in the alphabet of the language or L- 
system) in the hierarchy rhythmically comes back (loop). The time a at which the rhythm 
is induced etermines the divergence angle of the system, since a hierarchy is then chosen 
by axiom D and because of the close geometric relation, settled by Adler[15], between 
the "phyllotaxis" of a system and the divergence. The factor inducing the rhythm is the 
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Fig. 5. Systems approach in biology (from [29]). 
more fundamental problem of physiology; it is the rhythm which demands the essential 
mechanism of my model. 
"After a system has been derived and the constructive specification is given (here 
axiom D), the problem in systems theory is to study the properties of the system (either 
by mathematical deduction or by simulation[29]." This is done in [I], which presents a
set of propositions deduced from the hypothetico-deductive construct (step 2 of Fig. 5). 
The best way to get rapidly into the nature of the white box is probably by examining its 
consequences and by-products ( ee the last paragraph of Section 4.1). This is initiated in 
the next section, which studies the meaning of the derived properties in the context of 
the biological phenomenon under consideration (the last step in the process presented in
Fig. 5). 
6. INTERPRETATION, PREDICTIONS, SYNTHESIS 
My model, which belongs to these areas of theoretical biology known as systems and 
formal theories, may be regarded as a step towards a complete model of phyllotaxis. A
paradigm may not be correct or may be incomplete, that does not mean that it cannot be 
fruitful, at least by the objections it may raise. 
Though the conventional theories and models have proved to be fruitful, it must be 
noticed that they are built on the so-called Hofmeister's axiom, which is invalidated by 
a type of phyllotaxis known as spiromonostichy. This is a genuine puzzle in the domain. 
It is, however, in agreement with the theory of induction of leaves by the foliar traces, 
which is an element hat brought forth the hierarchical representation f phyllotaxis on 
which my interpretative theory is based. The theories are generally formulated for spe- 
cialized systems. Then they try to manage with the exceptional cases. The converse 
attitude provides a safer approach which allows us to eliminate the non-valid hypotheses. 
The progress towards a better solution to the problem of phyllotaxis goes through a higher 
level of universality. 
A scientific theory, to be complete, must be able to predict, to suggest experimenta- 
tions. To be interesting, it must be interpreted and developed in such a way that it can 
be tested directly against observed facts which were not selected to fit it. One of the 
originalities of my model over the conventional models is that it allows me to order the 
different types of phyllotaxis according to their frequencies of occurrence. One then just 
has to compare this ordered list to the one established from the facts. Some of the pre- 
dictions on this list are confirmed, others are apparently exact. The model predicts what 
types of spiral phyllotaxis can exist, so that a naturalist can try to find in nature, by 
measurements of divergence angles, types that are predicted but not identified yet, or 
types that are said to be non-existant by the theory Popper[13] argues that "Every 'good' 
scientific theory is a prohibition: it forbids certain things to happen". See [31]. 
On the bio-chemical level, the theory says that the usual type of phyllotaxis i the best 
suited for fixing solar energy, transforming it for its care and organization a d synthesizing 
material for other living organisms. This could resolve into a comparative study of the 
wavelengths absorbed by the chloroplasts and carotenoids of each species, of the quanta 
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of energy fixed by photophosphorylation, of the potential energy stored in the cytoplasm 
is the form of A.T.P., etc. 
According to Simon[14] "testing the theories, as we usually conceive this process, is 
only one of the minor preoccupations of science. The process itself which generates a 
theory makes a great step in the direction which allows to provide a measure of its va- 
lidity." From the fact that my heuristic has brought results in the theory of growth func- 
tions of L-systems, I feel that it is a good indication of its relevance. Sometimes the central 
idea on which an investigation hinges is provided by the transfer of a theory or principle 
or technique from another field, or by the building of an arch between two domains. In 
the case here, the theory of growth functions, born in the context of L-systems, has 
profited from the introduction of Perron-Frobenius theorem found in finite spectral anal- 
ysis. The results obtained have proved to be important for the analysis of filamentous 
organisms (algae). Conversely, Perron-Frobenius theory on irreducible matrices can profit 
from what I call the technique of growth functions (see [6]). 
More and more biologists and mathematicians have endeavored to give a better for- 
mulation for the theoretical foundation of biology by referring to systems theory ap- 
proaches (see [17, 29, 32]. I have tried to put the problem of phyllotaxis in the framework 
of general systems theory, where entropy and hierarchy are major concepts. One should 
not be too reluctant to the idea of introducing new forms of mathematics or mathematical 
devices to describe biological organization, since it is generally accepted that existing 
forms of mathematics are inadequate to that purpose. "So there is no reason why we 
cannot introduce new axioms, in which the notions of order and structure, defined only 
tacitly and not explicitly, are taken as the fundamental points of departure for our 
thinking[12]." "Theories are nets: only he who casts will catch (Novalis)." 
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